Brief overview of LMTO theory and d-band width calculation
In Muffin-Tin Orbital (MTO) theory, the potential in the crystal is approximated by spherically symmetric atomic potential within a sphere of radius (muffin-tin radius) and a constant potential region (muffin-tin potential) between the spherical atomic orbitals 1 . Based on this MTO concept, the interatomic coupling of d-states can be calculated as following expressions 1 : , (S1)
In Eq. S1, is a spatial extent of d-orbital taken from ref. 2 , is an interatomic distance, and ( , )
is the classifier of interactions; for example, denotes the -interaction, and denotes the ( , ) ( , )
-interaction. Also, , and are constant which can be taken from ref. 1 . Calculating
Eq. S1 between different atom types can be done by changing to . is a hybridization In Eq. S4, superscripts 1st and 2nd denote the first and second nearest neighbor atoms based on interatomic distances, and we calculated Eq. S4 layer by layer as shown in Eq. S5.
Furthermore, when considering , the lattice parameter of surface atom was used to calculate interatomic distance, and when considering , the lattice parameter was obtained from Vegard's , .
law 3 as shown in Eq. S6.
, where (S6) , = + (1 -) = /( + )
In Eq. S6, is the lattice paramter of atom M, and is the lattice parameter of atom X. In addition, and are the number of M and X existing in topmost two layers. Based on these, calculations of each term in Eq. S4 are following: Using the stability results of the surfaces from Fig. S1 , we calculated the free energy for CO production process using the most stable surface configurations upon reaction condition, as summarized in Fig. S2 . 
